A research group demonstrated that the 37 kDA protein of Edwardsiella tarda, a causing causative agent of edwardsiellosis in fish, exhibited high antigenicity in Japanese flounder. The research group also showed that the N-terminus amino acid sequences of the 37 kDa protein were mapped to the N-terminus of GAPDH (glyceraldehyde-3-phosphate dehydrogenase). Using degenerated primer sets based on the known N-terminus sequence, the corresponding E. tarda DNA was amplified and cloned.
Introduction
Edwardsiella tarda is the causative agent of the systemic disease, edwardsiellosis, in many freshwater and marine fish in both farmed and wild populations around the world [16] . Edwardsiellosis causes high mortalities and severe economic losses in farmed fish, such as flounders [17] , eels [27] , tilapia [11] , carp [19] , channel catfish [14] , and others. Several potential virulence factors of E. tarda have been reported. The abilities to invade epithelial cells [9, 12] , serum resistance [25] , phagocyte-mediated killings [23] , a type III secretion system (TTSS) [13] , and production of toxin and enzymes, such as hemolysins [7] , and catalyses [24] have been found to play important roles in E. tarda pathogenesis.
The outer membrane of pathogenic bacteria has an important role in the induction of immune response including humoral and cell-mediated immunity [10] . The outer membrane interacts with hosts in the bacterial pathogenesis during adherence, uptake of nutrients from the host, and eliminating host defense mechanisms, because the components of the outer membrane are easily recognized as foreign substances by the host immune defense system [21] . Up to date little is known about immune responses by induced E. tarda surface protein antigen. Recent studies emphasized the role of the outer membrane protein of pathogenic bacteria in protective immunity [2, 14, 19] , which is often related to inducing neutralization of antibodies [2] , inhibiting bacterial colonization in hosts [27] , and inducing cell-mediated immunity [1] .
In a recent study, the 37 kDa protein of E. tarda exhibited strong immune responses in fish [6] . The protein was existed in all of the E. tarda isolates, and highly conserved regardless of the serotype. The N-terminal amino acid sequence of this protein showed high homology to GAPDH (glyceraldehyde-3-phosphate dehydrogenase) [6] . GAPDH is one of a major enzyme, which is involved in energy production [28] . Some reports indicated that GAPDH binds to a cell membrane [1, 15, 26] and exists on the cell surface [8, 18] . In this study, we were interested in the antigenic role of the GAPDH, which is conserved in different serotypes of E. tarda. We hypothesized that GAPDH is a surface protein as antigen to induce immune responses, and we wonder 
Materials and Methods
Bacterial strains and growth conditions
The bacterial strains and plasmids used in this study are listed in Table 1 . E. coli used as hosts for cloning and protein expression were grown at 37℃ in Luria-Bertani (LB) broth or LB agar [3] . E. tarda, was isolated from flounder and provided by the National Fisheries Research and Development Institute (NFRDI) in the Republic of Korea, were grown at 27℃ in tryptic soy broth (TSB) or on tryptic soy agar (TSA) (Difco) containing 1% NaCl [22] . Antibiotics, when required, were added in the culture medium with the following concentrations; ampicillin, 100 μg/ml; tetracycline, 15 μg/ml; chloramphenicol, 30 μg/ml; and streptomycin, 50 μg/ml.
General DNA manipulations DNA manipulations, including DNA preparation, ligation, restriction analysis, transformation and electrophoresis were carried out as described by Sambrook et al [20] . Genomic DNA of E. tarda was extracted by using the AccuPrep Genomic DNA Extraction Kit (Bioneer). PCR amplification was employed to obtain DNA fragments for cloning. The PCR conditions were as follows: denaturation at 95℃ for 30 sec, primer annealing at 50℃ for 30 sec, polymerization at 72℃ for 1 min, and a final extension at 72℃ for 10 min. Transformation of E. coli were done by either rubidium chloride-heat shock or electroporation (BioRad).
Primer design for amplifying of E. tarda GAPDH The nucleotide sequences of the GAPDH gene of four Gram-negative bacteria, Salmonella typhimurium, Yersinia pestis, Erwinia carotovora, E. coli, were obtained by NCBI database, and the homologies of their GADPH nucleotide sequence were compared by using the NCBI homology alignment system. Both primers for the amplification of forward and reverse were designed from the conserved GAPDH nucleotide sequences at the 5' and 3' ends.
Heterologous overexpression of GAPDH A DNA fragment encoding E. tarda GAPDH was amplified from chromosomal DNA using a pair of primers HY205F (GC GGATCC GCA TAC ATG CTG AAG) and HY206R (GC AAGCTT CAG TTT CAC GAA GTT), which were synthesized based on the gapA sequence of E. tarda. For immunoblotting, proteins separated by SDS-PAGE were transferred to nitrocellulose membrane in Towbin's buffer. The membrane was blocked with a blocking solution (5% skim milk in Towin's saline buffer) for 3 hr as described by Towbin et al [5] . The membrane was incubated with a suitable diluted rabbit or mouse antisera in the blocking solution for 2 hr and followed by 1:2,000 dilution of a horseradish peroxidase conjugated goat anti-rabbit IgG (Pierce) or anti-mouse IgG (Sigma) in the blocking solution. Immunoreactive bands were detected by the addition of 4-chloro-1-naphthol (Sigma) in the presence of H2O2 (Sigma). The reaction was stopped after 5 min by washing with several changes with a large volume of deionized water.
Preparation of the outer membrane protein fraction E. tarda cells were collected by centrifugation at 8,000× g for 5 min, and suspended in 20 mM Tris-HCl (pH 8.0) and disrupted by French press (Thermo Electron Cooperation) at 18,000 psi. The lysate was centrifuged at 4,500× g for 5 min to remove unbroken cells. The total membrane pellet was obtained by centrifugation at 27,000× g at 4℃ for 1 hr, and treated with 1% lauryl sarcosine (Sigma). Then, the outer membrane protein was obtained as a pellet after centrifugation at 27,000× g at 4℃ for 1 hr. The pellet was resuspended in 10 mM Tris-HCl (pH 8.0).
ELISA (Enzyme-linked immunosorbent assay)
ELISA 96-well plates (Corning) were coated with 1 ng/μl of GAPDH in 50 mM sodium carbonate (pH 9.6). The plates were blocked with 200 μl of blocking buffer (1% BSA in PBS, pH 7.4) per each well to avoid non-specific binding. After remove blocking buffer, 100 μl of serially diluted samples were added into each well, and washed 5 times with 250 μl of PBS. Then, the plates were incubated with biotin conjugated goat anti-rabbit IgG or anti-mouse IgG (Southern Biotech) (1:10,000 in 0.1% BSA in PBS), and washed with PBS. Finally, the plates were incubated with alkaline phosphatase labeled streptavidin (Southern Biotech) (1:3,000 in 0.1% BSA in PBS). The ρ-nitrophenylphosphate (1 mg/ml) (Sigma) in 0.1 M diethanolamine buffer (pH 9.8) was used as the substrate. The optical density of the color reaction was read at 405 nm with an automated ELISA reader (GE Healthcare).
Results and Discussion
Determination of nucleotide sequence of E. tarda gapA To identify nucleotide sequence of E. tarda GAPDH gene, the DNA fragment encoding the gapA was amplified by PCR. An approximately 1.0 kb length of amplified DNA fragment was cloned into pGEM-T vector (Promega), resulting in pBP237, and its nucleotide sequence was analyzed by DNA auto sequencer (ABI PRISM 377, Perkin Elmer) (Fig.  1) . The DNA fragment contained the full sequence of the gapA, and the GAPDH was composed of 331 amino acid residues. The homologies of the GAPDH amino acid sequence between E. tarda and the other Enterobacteriaceae family were compared by using the BLAST search engine.
The GAPDH of E. tarda showed <70% similarity with other Enterobacteriaceae GAPDH proteins (Table 2 ).
Subcellular location of GAPDH protein in E. tarda
To verify the location of the GAPDH in the outer membrane, we generated an antiserum against the E. tarda outer membrane proteins (OMPs). The OMPs of E. tarda were prepared as described above and 20 μg of E. tarda OMPs were administrated to BALB/c by the intraperitoneal route. After 4 weeks of post administration, BALB/c mice were boosted with the same amount of E. tarda OMPs. After 2 weeks of post boosting, the blood of BALB/c was collected from the vein on the marginal part of the eyes. The recombinant GAPDH, prepared as described in Materials and Methods (Fig. 3A) , was detected by immunoblot analysis using E. tarda OMPs specific polyclonal antibodies, and the same position of reactive band was also detected in E. tarda total lysate (Fig. 2) . These results suggest that the GAPDH exists in the outer membrane as well as cytosol.
Preparation of GAPDH specific polyclonal antibodies
To generate GAPDH specific antibodies, 120 μg of the recombinant GAPDH emulsified with the same volume of Freund's complete adjuvant (Sigma) as antigen. The antigen was administrated to the New Zealand White rabbit by intramusclar, after 3 weeks post administration, the rabbit was boosted with the same amount of antigen used in the primary administration mixed with incomplete Freund's adjuvant (Sigma). The bloods were collected from the vein on the marginal part of the ears at every step. Two weeks after boosting, the rabbit sacrificed to collect sera. The production of anti-GAPDH polyclonal antibodies was evaluated by immunoblot assay and ELISA. The recombinant GAPDH showed a strong reaction (Fig. 3B ) and specific antibodies titer measured Log29 to Log213, which were sera after the first administration and boosted, respectively (Fig. 4) . These results indicated that anti-GAPDH antibodies were successfully produced. The Japanese flounder (body weight 50 to 100 g) was maintained in the National Fisheries Research and Development Institute under laboratory conditions. The Japanese flounders were vaccinated with 10 μg and 100 μg of the recombinant GAPDH by intraperitoneal route. After 4 weeks of post-vaccination, the fish were challenged with 5.0×10 8 CFU of E. tarda. At 4-7 days after challenge, all the fish in the unvaccinated group had died and most of the fish in the vaccinated group with GAPDH had also died. Survival rate of the vaccinated groups was 12.5% (Fig. 5) . A specific antibody titer against GAPDH was detected in the vaccinated flounder sera by using ELISA. The antibody titer was increased three-fold after 4 weeks (data not shown).
E. tarda is causes a systemic fish disease called edwardsiellosis [4] . In a recent study, the 37 kDa protein of E. tarda was suggested to have and antigenicity [13] . The 37 kDa protein was identified as a GAPDH, which is involved in energy production [28] . We focused on the roles of GAPDH in E. tarda pathogenesis, To investigate the roles of GAPDH, the E. tarda gapA gene was amplified and its nucleotide sequence was analyzed. The nucleotide and amino acid sequence of GAPDH revealed a strong similarity with other Enterobacteriaceae GAPDH proteins. Its high homologue indicates that the gapA gene is well conserved in the evolution process. To confirm the location of GAPDH, we generated anti-E. tarda OMPs antibodies, and detected the recombinant GAPDH by immunoblot analysis using specific antibodies. To examine the role of GAPDH as a protective antigen, the protective ability of GAPDH against E. tarda infection in the Japanese flounders was performed. Fish were intraperitoneally immunized with the recombinant GAPDH, and the fish were challenged with E. tarda. No significant difference between the vaccinated and the unvaccinated groups was observed. The reason for this result could be explained that challenge dose of E. tarda was excessed. Indeed, the LD50 of E. tarda was measured to be 3.0×10 6 CFU, but the challenge dose of E. tarda used for this study was 5.0×10 8 CFU, almost an 200-fold higher dose. This report is study to identify antigen and examine whether it is functioning as a vaccine candidate. The results of this study will be used as a basis to develop an effective vaccine.
